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Outline

e NASA water science

* Direct products:
— Fractional Snow Covered Area
— Grain Size
— applications
* Derived products:
— Snow Water Equivalent Reconstruction
— Ice products
— applications
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NASA in Water Science?!
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Summary: NASA Remote Sensing and Model-derived Water
Resource Quantities

Rain Rate at surface (amount of rainfall per unit area per unit of time) mm/hour
Accumulated Rain (rain amount over a day or a month) mm
Vertical Precipitation Rate profile (liquid and frozen rain rate at mm/hour
various levels in the atmosphere)

Snowfall Rate (amount of snowfall per unit area per unit of time) Kg/m2/hour
Fractional Snow Cover Area Fraction
Snow Depth m

Snow Mass Kg/m?
Snow water Equivalent Kg/m?
Snow Albedo Unitless

Top Soil Layer Wetness Fraction
Soil Moisture Kg/m?2

Column Equivalent of Water cm
[ground water+soil moisture +surface water]




Need for Snow Measurements

* Why are snow covered area and grain size
important for water resources
management ¢

Knowledge of starting and remaining coverage

Knowledge of reduction in snow cover

Remote sensing covers areas that snow pillows
and snow courses do not — therefore, more
complete knowledge through snowmelt

— Grain size -> albedo — rate of showmelt




Global water stress

Water stress indicator (WSI) in major basins:
over-
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Snow Dominated Regions
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Colorado River Basin
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| ake Mead and the Shortage
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COLORADO RIVER COMPACT

SIGNED AT
SANTA FE, NEW MEXICO

NOVEMBER 24, 1922

ARTICLE III

(a) There is hereby apportioned from the Colorado River System in perpetuity to the Upper Basin and to the Lower
Basin, respectively, the exclusive beneficial consumptive use of 7,500,000 acre-feetof water per annum, whichshall include
all water necessary for the supply of any rights which may now exist.

(b) Inaddition to the apportionment in paragraph (a),the Lower Basin is hereby given the right toincrease its beneficial
consumptive use of such waters by one million acre-feet per annum.

(c) If, as a matter of international comity, the United States of America shall hereafter recognize in the United States
of Mexico any right to the use of any waters of the Colorado River System, suchwaters shall be supplied first from the waters
which are surplus over and above the aggregate of the quantities specified in paragraphs (a) and (b); and if such surplus shall
prove insufficient for this purpose, then, the burden of such deficiency shall be equally borne by the Upper Basin and the
Lower Basin, and whenever necessary the States of the Upper Division shall deliver at Lee Ferry water to supply one-half
of the deficiency so recognized in addition to that provided in paragraph (d).

WASHINGTON ! GOVERNMENT PRINTING OFFICE : 1928



L]
L]
L]
O
[l
L]

Lessthan §
5to10
1010 15
1510 20
20 to 30

3Dto 40

50 to b0

0 to B0

30 te 100
More than 100

i 3 \'d 3 .
o, v 3 . v Y F - -
Average Anruc 8 itation
Western United States

Period: 1961-1990  Units: inches




Satellites providing Snow Products

NPOESS
Preparatory
Project (NPP)
- Suomi

Landsat Data
Continuity Mission
(LDCM)
(launch February
2013)

MODerate Resolution Imagin
Spectroradiometer (MODIS)

500 m spatial resolution
~daily temporal resolution

MODerate Resolution Imaging
Spectroradiometer (MODIS)

500 m spatial resolution
~daily temporal resolution

Visible Infrared Imaging Radiometer
Suite (VIIRS)

750m spatial resolution
~daily temporal resolution

Operational Land Imager (OLI)

30 m spatial resolution
16-day temporal resolution

Snow covered area
Snow albedo

Snow grain size
Dust/BC radiative
forcing

Snow covered area
Snow albedo

Snow grain size
Dust/BC radiative
forcing

Snow covered area
Snow albedo

Snow grain size
Dust/BC radiative
forcing

Snow covered area
Snow albedo

Snow grain size
Dust/BC radiative
forcing




Parameter Definitions

snow water equivalent
the depth of water to which a snowpack melts down

snow albedo
total reflectivity of snow to incoming sunlight
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[Kapnick & Hall, 2010]
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Colorado River: Historical and Projected Use

Historical Supply and Use Projected Future Supply and Demand

Projected Water Demand
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Observations

Hindu Kush - Himalaya




Manual measurement of SWE (snow
= water equivalent), started in the

Sierra Nevada in 1910




SNOWMAP alpha




SNOWMAP alpha

+ SNOTEL sites




SNOWMAP alpha
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Snow Covered Area
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MODSCAG




What is MODSCAG?

Uses the MODIS surface reflectance bands

Matrix inversion to retrieve fraction of snow
cover in each pixel

Also determines the grain size and albedo
of that fractional snow cover (giving what
modelers want, not the composite)

Far more accurate that the standard MODIS
snow cover product delivered by NSIDC

DAAC




The MODIS Spectrum

MODIS bands 1-7
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MODSCAG

vegetation, including X snow, fine
I
trees, shrubs, and grass 8t - to coarse grain

vegetation reflectance
snow reflectance

MODIS bands 1-7

soil, including snow

various loams and silts vegetation

soil

soil reflectance
reflectance

1 1.5 . . 1 1.5
wavelength, um wavelength, um

Painter et al, 2009




MODSCAG Products

Fractional snow-covered area grain size, mm
Bands 2,4,3 (RGB)
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MODIS Color Composite
Sierra Nevada

April 1, 2005




MODSCAG retrievals
Sierra Nevada
April 1, 2005

100% Snow Cover

. 100% Vegetation Cover
100% Rock Cover




MODSCAG retrievals
Sierra Nevada
April 1, 2005

Snow Grain Size

50 600 1100
Optical grain radius(um)




JPLHOME EARTH SOLARSYSTEM
Jet Propulsion Laboratory BRING THE UNIVERSE TO YOU:
California Institute of Technology

NASA

JPL Snow
Data Server

: Home — Data — Snow Map
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MODSCAG Constraints

No mapping under cloud cover
Detection limits: 15-100% fSCA
Geometric considerations
Noise considerations




Comparison with other products

Standard MODIS High resolution

MODSCAG Snow Product Thematic Mapper

MODSCAG, July 10, 2006 MOD10AT, July 10, 2006 TMSCAG, July 11,2006
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Comparison with older products

MODSCAG Standard MODIS High r(?solutlon
Snow Product Thematic Mapper

MOD10A1, July 10, 2006 TMSCAG, July 11,2006
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MODSCAG sees snow missed by other products and also
provides better spatial coverage than some other products

Rittger et al (2012)




MODSCAG-DERIVED
PRODUCTS




Time-Space Continuity

Time_space ﬁltering Of Filtered data cube with missing values
because of cloud cover or noise
instantaneous
MODSCAG retrievals to
spatially and temporally
continuous fields of
fractional snow covered
area and albedo.

January 2008
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Interpolated and smoothed

. data cube
Constrained by cloud ‘
cover, sensor geometry

Dozier et al (2008)
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Snow Water Equivalent

Reconstruction: 2005-10-01
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Fate ot Mountain Glaciers
in the Anthropocene

A Report by the Working Group Commissioned by the Pontifical Academy of Sciences

2007

of GlacierWorks

=

Main Rongbuk Glacier (see inside page)

May 11, 2011

The working  group consists of  glaciologists, climate scientists, meteorologists, hydrologists,
Dphysicists, chemists, mountaineers, and lawyers organized by the Pontifical Academy of

(e TS AU G A S ST S N S SRS AU A R ST TR AR AU TS S . S




GLIMS

The Global Land Ice Measurements from Space (GLIMS) project has
compiled digital glacier outlines and related metadata for the
majority of the world’s glaciers but inconsistency among product
algorithms and time periods represented precludes the production
of a consistently derived global dataset.

Moreover, these products have single points in time and themselves
have uncertainties because of lack of knowledge about subsequent
snowmelt in that season. Therefore, trend analysis is impossible
from the vast majority of these products.




Need for MODICE product

Currently a fundamental missing component
of the world cryosphere inventory is a single
systematically derived base map of the
world’ s glaciers and annual minimum snow
cover, at any scale. Moreover, we need a
product that offers annual resolution to
facilitate knowledge of trends.




MODIS Permanent Ice (MODICE)

GEOPHYSICAL RESEARCH LETTERS, VOL. 39, LXXXXX, d01:10.1029/2012GL053340, 2012

1 Automated mapping of Earth’s annual minimum exposed snow
2 and ice with MODIS

3 Thomas H. Painter,’ Mary J. Brodzik,? Adina Racoviteanu,” and Richard Armstrong2

4 Received 31 July 2012; revised 12 September 2012; accepted 19 September 2012; published XX Month 2012,




MODSCAG feeds
MODICE

We start with 100% ice everywhere in
each year. Then use the daily MODSCAG
snow/ice retrievals (subject to clear skies
and good viewing geometry) to determine
where no snow appears. Thereafter that
pixel is removed from annual minimum
snow and ice cover.

Zenith

"Dther" (ice) data w/Adequate
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Summary

Snowmelt is dominant water source in Western
US and other regions of the globe

Absorbed sunlight controls snowmelt

Accurate mapping of snow cover necessary for
climate science and water management

MODSCAG is most accurate snow product
available

Time-space smoothed products available
MODSCAG used for SWE reconstruction
MODSCAG used for global glacier modeling




Next week

nacts of dust and black carbon on snowmelt
nacts on runoff and glacier mass balance

nact of dust/BC on snow reflectance

Mapping of dust/BC radiative forcing in snow
from MODIS

MODDREFS product

Sensitivity of runoff forecasting to dust
radiative forcing




